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@) Rotational magnetic sensor. 

(57) A rotary shaft position sensor includes a 
stator (22) and a rotor (24) and produces a linear 
output signal in accordance with the rotational 
position of a shaft (68) coupled to the rotor. The 
rotor rotates about an axis of rotation. The 
stator includes stationary pole pieces (42, 44) 
having stationary pole faces situated perpen- 
dicular to the axis of rotation and spaced a 
predetermined distance apart to define an air 
gap therebetween. A Hall effect device (50) is 
situated in the air gap. The Hall device (52) 
produces an output signal corresponding to the 
level of magnetic flux in the air gap. One or 
more magnets (58) are attached to the rotating 
pole piece (60). The magnetic poles of the 
magnets are situated parallel with and spaced a 
predetermined distance from the stationary 
pole faces. Lines of magnetic flux originating 
from the magnets are situated in a direction 
perpendicular to the stationary pole face (54, 
56). The rotating pole piece rotates in close 
proximity to the stationary pole piece (42, 44). 
As the rotor rotates about the axis of rotation, a 
portion of the magnet is aligned with the sta- 
tionary pole faces (54, 56). Magnetic flux corre- 
sponding to the aligned portion of the magnet 
and the stator pole faces appears in the air gap. 
A temperature compensation circuit for use 
with the rotary shaft position sensor includes 
first and second temperature compensation cir- 
cuits for counteracting sensitivity temperature 
drift and zero gauss offset temperature drift 
characteristics of the Hall effect device (50). 
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Field of the Invention: 

This Invention relates to rotary shaft position 
sensors and more specifically to a sensor that pro- 
duces a linear output signal in detecting the rotational 
position of a throttle valve of an internal combustion 
engine. 

Background Of The Invention: 

Electronic fuel injected engines used in motor ve- 
hicles typically include a microprocessor based con- 
trol system. Fuel is metered, or injector activation 
time is varied, in accordance with various engine 
parameters detected through sensors. Some of the 
parameters include engine temperature, mass air 
flow rate, present vehicle speed, engine RPM, oxy- 
gen content in the exhaust, and, most importantly, 
the position of the butterfly valve or throttle valve that 
controls air flow into the engine. 

Typically the throttle valve rotates from a closed 
position to an open position in a span of ninety de- 
grees or less. Throttle valve position detection is ac- 
complished by attaching a rotational position sensor 
to the rotational axis of the throttle valve. The rota- 
tional position sensor produces an output voltage sig- 
nal in accordance with the relative position of the 
throttle valve. The accuracy and repeatability of the 
sensor over an extended period of time must not vary 
significantly. Otherwise, the engine control computer 
may be required to compensate for drift or variance 
of the sensor. Software that must compensate for 
sensor output signal drift can be unduly complex and 
waste program memory space better used for engine 
control algorithms. It is preferred that the sensor pro- 
duce a linear output and that over the life expectancy 
of the sensor, the output signal versus rotational pos- 
ition vary only an insignificant amount as tempera- 
ture extremes are encountered. 

Installation of a high accuracy sensor in the en- 
gine compartment of a motor vehicle is a requirement 
with regard to the throttle valve sensor. Temperature 
extremes in the engine compartment typically result 
in temperature drift of electronic circuits installed 
therein. 

Linear Hall effect devices are simplistic in oper- 
ation and may be used with non-contact type magnet- 
ic coupling rotary sensors to produce a signal corre- 
sponding to angular position. A more reliable throttle 
position sensor that includes non-contact type oper- 
ation and Hall effect based electronics would satisfy 
several concerns of automobile manufacturers good 
signal to noise ratios are achieved and if the temper- 
ature drift of the Hall device is compensated through 
a low component count temperature compensation 
circuit. Reducing cost and improving long term accu- 
racy and reliability are the foremost concerns in pro- 
ducing a reliable engine compartment sensor. 



A rotary sensor that includes improved signal to 
noise, a linear output signal response, is more eco- 
nomical to produce and is resistant to temperature ex- 
tremes is needed. 

5 

SUMMARY OF THE INVENTION 

According to one embodiment of the present in- 
vention, a magnetic sensor is provided including Hall 

10 effect means for sensing magnetic flux and producing 
an output signal corresponding to the sensed level of 
magnetic flux, magnetic means for producing mag- 
netic flux, means for conducting magnetic flux be- 
tween the magnetic means and the Hall effect 

15 means, the means for conducting magnetic flux de- 
fining an axis of rotation for the magnetic sensor and 
including stationary means for conducting magnetic 
flux across a stationary surface perpendicular to the 
axis of rotation and rotating means for conducting 

20 magnetic flux across a rotating surface perpendicular 
to the axis of rotation, the stationary surface being 
spaced a predetermined distance from the rotating 
surface to define an air gap therebetween, the mag- 
netic means producing magnetic flux parallel to the 

25 axis of rotation and perpendicular to the stationary 
surface and the rotating surface, wherein the rotating 
means rotates relative to the stationary means to 
align a portion of the rotating surface with a portion 
of the stationary surface and conduct a level of mag- 

30 netic flux corresponding to the aligned portions of the 
stationary surface and the rotating surface between 
the magnetic means and the Hall effect means and 
across the predetermined air gap to complete a mag- 
netic circuit therebetween. 

35 According to another embodiment of the present 

invention, a magnetic sensor is provided including 
first and second stationary pole pieces having first 
and second stationary pole faces, respectively, the 
first and second stationary pole pieces being spaced 

40 a predetermined distance apart to define a first pre- 
determined air gap therebetween, a Hall effect device 
is situated in the first predetermined air gap, the Hall 
effect device producing an output signal correspond- 
ing to the level of magnetic flux in the first predeter- 

45 mined air gap, a rotating pole piece, the rotating pole 
piece defining an axis of rotation for the sensor, a first 
magnet having a first magnet pole face, the first mag- 
net generating magnetic flux in a direction perpendic- 
ular to the first magnet pole face and being attached 

so to the rotating pole piece with the first magnet pole 
face parallel to and spaced a predetermined distance 
from the first and second stationary pole faces to de- 
fine a second predetermined air gap, wherein the ro- 
tating pole piece rotates relative to the first and sec- 

55 ond stationary pole pieces about the axis of rotation 
to align a portion of th first magnet pole face with 
portions of the first and second stationary pole faces 
and supply a level of magnetic flux corresponding to 
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the aligned portions of the first magnet p le fac and 
the first and second stationary pole fac s into the 
first predetermined air gap. 

One object of the present Invention is to provide 
an improved rotational position sensor. 5 

Another object of the present invention is to pro- 
vide a rotational sensor that which produces a linear 
output signal in accordance with rotational position of 
a shaft. 

Sti II another object of the present invention is to 10 
provide an inexpensive, yet reliable rotational mag- 
netic sensor. 

Yet another object of the present invention is to 
provide a reliable rotational magnetic sensor that in- 
cludes a low component count Hall effect circuit to 15 
compensate for temperature drift of the Hall effect de- 
vice. 

These and other related objects and advantages 
of the present invention will become apparent from 
the following drawings and written description. 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is an exploded view of a rotational mag- 
netic sensor according to a first embodiment of the 25 
present invention. 

FIG. 1 B is a perspective view of the rotational 
magnetic sensor of FIG. 1 A assembled. 

FIG. 2 is a prior art rotational magnetic sensing 
arrangement including a geometrically shaped mag- 30 
net that generates radial lines of magnetic flux. 

FIG. 3 is a side elevational view of the rotational 
magnetic sensor of FIGS. 1A and 1B. 

FIG. 4 is a diagrammatic illustration of the mag- 
netic circuit of the rotational magnetic sensor of FIGS. 35 
1Aand 1B. 

FIG. 5 is a plan view of two 1 80 degree stationary 
stator plates of the rotational magnetic sensor of 
FIGS. 1Aand 1B spaced opposite one another to de- 
fine an air gap therebetween. 40 

FIG. 5Ais a plan view of alternate 180 degree sta- 
tionary stator plates of the rotational magnetic sensor 
of FIGS. 1Aand 1B. 

FIG. 6 is a side elevational view of the stator 
plates of FIG. 5. 45 

FIG. 6Ais a side elevational view of the alternate 
stator plates of FIG. 5A. 

FIG. 7 is a plan view of a geometrically shaped or 
contoured magnet of the rotational magnetic sensor 
of FIGS. 1 A and 1B that generates axial lines of mag- so 
netic flux. 

FIG. 8 is a side elevational view of the geometri- 
cally shaped magnet of FIG. 7. 

FIG. 9 is a graph depicting the output voltage wa- 
veform of a rotational magnetic sensor having a true, 55 
semi-circular shaped magnet. 

FIG. 10 is a graph depicting the output voltage 
waveform of the rotational magnetic s nsor of FIGS. 



1Aand1B. 

FIG. 11 is a schematic of a temperature compen- 
sated Hall effect d vice amplifier circuit. 

FIG. 12Aisan exploded view of a rotational mag- 
netic sensor according to a second embodiment of 
the present invention. 

FIG. 12B is a perspective view of the rotational 
magnetic sensor of FIG. 12A assembled. 

FIG. 1 3 is a side elevational view of the rotational 
magnetic sensor of FIGS. 12Aand 12B. 

FIG. 14 is a diagrammatic illustration of the mag- 
netic circuit of the rotational magnetic sensor of 
FIGS. 12Aand12B. 

FIG. 15Ais an exploded view of a rotational mag- 
netic sensor according to a third embodiment of the 
present invention. 

FIG. 1 5B is a perspective view of the rotational 
magnetic sensor of FIG. 1 5 A assembled. 

FIG. 16 is a graph depicting the output voltage 
waveform of the rotational magnetic sensor of FIGS. 
15Aand15B. 

FIG. 1 7 is a graph depicting the output voltage for 
the rotational magnetic sensor of FIGS. 1 5A and 1 5B 
as a function of its angular position. 

FIG. 1 8A is an exploded view of a rotational mag- 
netic sensor according to a fourth embodiment of the 
present invention. 

FIG. 18B is a perspective view of the rotational 
magnetic sensor of FIG. 1 5A assembled. 

FIG. 19 is a plan view of a fringing shield that is 
uses with geometrically shaped or contoured mag- 
nets of the rotational magnetic sensor of FIGS. 18A 
and 18B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the purposes of promoting an understanding 
of the principles of the invention, reference will now 
be made to the embodiments illustrated in the draw- 
ings and specific language will be used to describe 
the same. It will nevertheless be understood that no 
limitation of the scope of the invention is thereby in- 
tended, such alterations and further modifications in 
the illustrated device, and such further applications 
of the principles of the invention as illustrated therein 
being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 

Referring to FIGS. 1A and 1B, a rotational mag- 
netic sensor 20 is shown. The sensor 20 is used for 
sensing angular position of an object or shaft and pro- 
ducing an output signal corresponding to the sensed 
angular position. Sensor 20 includes a stator assem- 
bly 22 and a rotor assembly 24 aligned on a central 
axis 26. Magnetic sensor 20 generates a voltage out- 
put signal that is a true I in ar analog representation 
of the relative angl between stator assembly 22 and 
rotor assembly 24. Therefore, magnetic sensor 20 is 
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usable as a position sensor without substantive mod- 
ification of the voltage output signal to provide linear 
feedback in the detection of, for example, throttle 
valve rotational position. Unlike prior art magnetic 
sensors, magnetic sensor 20 includes a magnet that 
supplies magnetic flux in a direction parallel, rather 
than perpendicular, to its axis of rotation, thereby re- 
sulting in increased magnetic coupling and improved 
signal to noise ratios. 

Referring now to FIG. 2, a prior art rotational 
magnetic sensing arrangement 30 is shown including 
a magnet 32 spaced a fixed distance 'A 1 from a Hall 
effect device 34. Magnetic lines of flux generated by 
magnet 32 emanate from pole 36 and are received by 
pole 38. Rotation of magnet 32 about its central axis 
40 changes the spaced relation of the magnetic lines 
of flux generated by magnet 32 with respect to Hall ef- 
fect device 34 to induce a corresponding change in 
output signal generated by Hall effect device 34. Mag- 
net 32 is geometrically shaped to produce a linear 
change in output signal from Hall effect device 34 as 
magnet 32 and its radial flux field are rotated about 
axis 40. Because device 30 is dependent on a precise 
spatial relationship between magnet 32 and Hall ef- 
fect device 34 (i.e., dimension A), device 30 is sus- 
ceptible to any deviation from this spatial relationship 
as well as to any changes in the magnetic flux field 
generated by magnet 32, such as those changes re- 
sulting from misalignment of the magnet relative to 
the Hall effect device and magnetic interference 
caused by the presence of nearby ferrous objects. 

The present invention represents a significant 
i mprovement over prior art arrangement 30 by provid- 
ing a closely coupled magnetic circuit. The magnetic 
flux generated by the magnet is parallel to the rota- 
tional axis of the sensor and perpendicular to oppos- 
ing faces of rotor assembly 24 and stator assembly 
22. As a result, sensor 20 produces a higher signal to 
noise ratio and is less susceptible to misalignment. 
Further, by providing stator pole pieces in dose prox- 
imity to rotor pole pieces to direct the magnetic flux 
into the air gap, sensor 20 is less sensitive to the in- 
fluence of nearby ferrous objects. 

Referring back to FIGS. 1Aand 1B, stator assem- 
bly 22 includes, as means for conducting magnetic 
flux, stationary pole pieces 42 and 44 centered about 
central axis 26. Pole pieces 42 and 44 include up- 
standing flanges 46 and 48, respectively, that define 
an air gap for receiving a Hall effect device therein. 
The Hall effect device 50 produces an output signal 
in accordance with the magnetic flux density imping- 
ing thereon. Preferably, a Hall effect device 50 is ad- 
hesively attached between flanges 46 and 48 to de- 
tect the magnetic flux in the air gap and produce an 
output voltage signal corresponding to that flux. Hall 
effect device 50 includes connectors 52 for connect- 
ing with associated Hal) effect circuitry, such as the 
amplifier circuit shown in FIG. 11 . Pole pieces 42 and 



44 are constructed of a ferrous material, such as cold 
rolled steel, in plate form t define pole faces 54 and 
56. Faces 54 and 56 oppose rotor ass mbly 24 and 
include integral flanges 46 and 48 that are rolled or 
5 formed perpendicularly upward from faces 54 and 56. 
Rotor assembly 24 includes means for generat- 
ing magnetic flux in the form of a geometrically shap- 
ed or contoured magnet 58 attached to pole piece 60 
and centered about central axis 26. Pole piece 60 in- 
to eludes a pole face 64 that receives magnet 58 thereon 
with pole face 66 of magnet 58 supported parallel to 
face 56 of stationary poie piece 44. Pole piece 60 is 
formed having a flanged or stepped portion that pro- 
vides an upper pole face 69 parallel to face 54 of sta- 
ts tionary pole piece 42 and flush with face 66 of magnet 
58. Unlike prior art magnetic sensors that generate 
radial lines of flux, magnet 58 generates axial lines of 
magnetic flux that are directed either toward station- 
ary pole faces 54 and 56 or face 64, as indicated in 
20 the direction of the arrows 70. 

Referring now to FIGS. 3 and 4, rotational mag- 
net sensor 20 is shown defining an air gap 'B' be- 
tween faces 54 and 56 of stator assembly 22 and 
faces 66 and 69 of rotor assembly 24. Air gap 'C is 
25 defined by flanges 46 and 48 of stationary pole 
pieces 42 and 44, respectively. In a preferred em- 
bodiment, pole pieces 42 and 44 are molded or en- 
capsulated in plastic to provide a rugged mounting 
arrangement for sensor 20. Pole pieces 42 and 44 are 
30 situated in a predefined spatial relationship, for ex- 
ample parallel, with respect to rotor assembly 24. Pre- 
ferably, Hall effect device 50 is attached between the 
pole pieces using an adhesive and/or also by encap- 
sulating in plastic. 
35 Similarly, rotor assembly 24 is a unitary struc- 

ture formed by attaching magnet 58 using an adhe- 
sive to surface 64 of pole piece 60 and by attaching 
pole piece 60 to hub 62 of shaft 68. Shaft 68 is rep- 
resentative of an object having a varying angular pos- 
40 ition that is desirably sensed and represented by a lin- 
ear analog signal; i.e., throttle valve position. How- 
ever, sensor 20 is usable as well to sense derivatives 
of position, such as velocity or acceleration. 

Since sensor 20 operates by detecting or meas- 
45 uring the magnetic flux coupled through the stator as- 
sembly 22 from the rotor assembly 24, rotor assembly 
24 must be positioned in fixed relation to stator as- 
sembly 22. In the preferred embodiment, precision 
bearings (not shown) are provided to support rotor as- 
50 sembly 24 both axially and longitudinally along cen- 
tral axis 26 to maintain a constant air gap 'B' and to 
maintain the rotor faces in alignment with the stator 
faces. 

In FIG. 4, a magnetic circuit flow diagram for de- 
55 vice 20 is shown in greater detail with lines of mag- 
netic flux shown flowing from magnet 58, through 
stepped pole piec 60, across air gap *B\ through 
pole piece 42, across air gap 'C, through pole piece 
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44 and back across air gap 'B' to magnet 58, thereby 
completing a closely coupled magnetic circuit. As ro- 
tor assembly 24 rotates about axis 26, a variable mag- 
netic flux density is generated across air gap 'C . 
The polarity and flux density of the magnetic lines of 5 
flux flowing across the air gap is a function of the pro- 
portional magnetic surface area alignment between 
faces 54 and 56 of the stationary pole pieces and 
faces 66 and 69 of rotor assembly 24. For example, 
as shown in FIG. 4, face 66 of magnet 58 is aligned 10 
with face 56 of stationary pole piece 44 to generate 
a maximum level of flux density across air gap *C\ 
Conversely, when magnet 58 is positioned with equal 
portions of face 66 aligned with faces 54 and 56 of 
pole pieces 42 and 44, respectively, a zero magnetic 15 
flux density is generated across air gap *C\ In this 
zero magnetic flux condition, the magiietic forces are 
balanced out in the magnetic circuit, with magnetic 
flux flowing only across air gap 'B\ This position is re- 
ferred to as a magnetically neutral position. Rotation 20 
of rotor assembly 24 in either direction from the neu- 
tral position generates a magnetic flux having an as- 
signed polarity (i.e., north or south) across air gap 'C*. 

Unlike prior art magnetic circuits in which a mag- 
net supplies magnetic flux in a direction perpendicu- 25 
lar to its axis of rotation, the magnet in sensor 20 sup- 
plies magnetic flux in a direction parallel to its axis of 
rotation. As such, a varying portion of the magnetic 
flux generated by magnet 58 is provided into the mag- 
netic circuit as rotor assembly 24 rotates relative to 30 
stator assembly 22, thereby yielding a sensor less 
susceptible to magnetic interference and misalign- 
ment. 

Referring now to FIGS. 5 and 6, stator pole pieces 
42 and 44 are shown in greater detail. As shown in 35 
FIG. 5, each of stator pole pieces 42 and 44 span an 
angle D of 180 degrees to define air gap *C between 
matching flanges 46 and 48. As such, magnetic flux 
flowing from pole piece 42 to 44 is directed between 
flanges 46 and 48 into air gap 'C. Alternately, as 40 
shown in FIGS. 5Aand 6A, flanges 45 and 47 can also 
be provided at the opposite ends of the 180 degree 
span symmetric with flanges 46 and 48 to promote in- 
creased magnetic coupling between the stator pole 
pieces. 45 

Referring now to FIGS. 7 and 8, magnet 58 spans 
a 180 degree arc. Although contemplated as having 
a true semi-circular shape or profile, in the preferred 
embodiment magnet 58 is geometrically shaped or 
contoured in radial length to correct for both the mag- so 
netic coupling and shunting effects that occur when 
the rotor assembly is rotated through zero magnetic 
flux and maximum magnetic flux positions. These 
magnetic effects can detract from a truly linear ana- 
log sensor output as shown, for example, in FIG. 9. As 55 
an alternative to geometrically shaping or contouring 
magnet 58, upper pole face 69 of pole piece 60 may 
be geometrically shaped or contoured to correct for 



both the magnetic coupling and shunting effects. In 
either case, whether upper face 69 or magnet 58 is 
geometrically shaped, the aligned portion of the sta- 
tor and rotor assemblies varies in a compensating 
non-linear fashion as the rotor assembly rotates with 
respect to the stator assembly to cause a linear output 
signal to be produced by the Hall effect device. 

In FIG. 9, the output voltage waveform 80 devel- 
oped by a sensor having a magnet with a true semi- 
circular profile, rather than a magnet with a geomet- 
rically shaped profile, is shown. Between opposite 
polarity maximum flux points 82 and 84, output vol- 
tage waveform 80 is slightly S-shaped having an in- 
flection point 86 at the zero flux density level. In the 
vicinity of point 86, the magnet 58 is near its neutral 
position and magnetic shunting occurs to alter the 
output voltage waveform; i.e., the measured flux den- 
sity changes disproportionately in air gap 'C versus 
angular position as rotor assembly 24 rotates through 
its zero flux position. In the vicinity of maximum flux 
density locations 82 and 84, the face 66 of magnet 58 
is nearly fully aligned with one of the stator pole 
pieces, and magnetic coupling occurs to alter the out- 
put voltage waveform; i.e., the measured flux density 
changes disproportionately in air gap 'C* as rotor as- 
sembly 24 rotates through its maximum flux posi- 
tions. However, this non-linear magnetic interaction 
between the rotor and stator assemblies is readily 
solved by slightly modifying or "geometrically" alter- 
ing the cross-sectional profile of magnet 58 to com- 
pensate for the shunting and coupling non-linearities. 

Referring back to FIGS. 7 and 8, the radius 'R* of 
magnet 58 is altered as a function of angular posi- 
tion 'P' along the profile of magnet 58 to correct for 
the above-described non-linear effects. As such, the 
operative opposing surface area between face 66 of 
magnet 58 and face 56 of pole piece 44 changes in a 
non-linear fashion with incremental rotation of rotor 
assembly 24 to offset the magnetic coupling and 
shunting effects so that a linear output waveform is 
produced by the Hall effect device. The particular 
geometric shape and corresponding pole face area of 
magnet 58 is application specific and empirically de- 
termined based on various magnetic circuit charac- 
teristics such as magnet diameter, magnet strength 
and material, air gap dimensions ('B' and 'C'), desired 
output gain or slope, desired range of rotational 
movement, acceptable linearity error, type of Hall ef- 
fect device and acceptable cost Nevertheless, one 
such geometric shape for a magnet constructed from 
Alnico 8 and having a thickness of 0.148 inches and 
an inner radius of 0.125 inches is provided according 
to the Table 1 in reference to FIG. 7: 
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TABLE 1 





RADIUS finches^ 


P=0-10° 


R=0.351 


P= 10-20° 


R=0.355 


P=20-30° 


R=0.359 


P=30-40° 


R=0.363 


P=40-50° 


R=0.367 


P=50-60° 


R=0.371 


P=60-120° 


R=0.375 


P=120-130° 


R=0.371 


P=1 30-140° 


R=0.367 


P=140-150° 


R=0.363 


P=150-160° 


R=0.359 


P=1 60-170° 


R=0.355 


P=1 70-180° 


R=0.351 



Referring now to FIG. 10, the linear output vol- 
tage waveform 90 developed by sensor 20 with geo- 
metrically shaped magnet 58 is shown. Between op- 
posite polarity maximum flux points 92 and 94, output 
voltage waveform 90 is linear, both in the vicinity of 
zero flux point 96 and maximum flux density points 
92 and 94. The geometrically shaped magnet offsets 
the magnetic shunting effect occurring near point 96 
and the magnetic coupling effects occurring near 
points 92 and 96. 

Referring now to FIG. 11, a schematic of a tem- 
perature compensated Hall effect device amplifier 
circuit is shown for use with a magnetic sensor incor- 
porating a Hall effect device 1 02 similar to Hall effect 
device 50 of sensor 20. Circuit 100 provides basic am- 
plifier/gain control of the output voltage from Hall ef- 
fect device 102. Because sensor 20 is usable in au- 
tomotive applications and, therefore, is likely to be 
subjected to harsh environments, additional circuitry 
is required to compensate for the effects of tempera- 
ture variance on the operative characteristics of the 
Hall effect device. For example, the magnetic flux at 
which a zero voltage signal is produced by the Hall ef- 
fect device can change with temperature. Similarly, 
the sensitivity or gain of the voltage output signal as 
a function of the sensed magnetic flux can change 
with the ambient temperature surrounding the Hall ef- 
fect device. 

To compensate for these temperature effects, 
zero magnetic flux density offset voltage drift correc- 
tion and Hall effect device sensitivity correction are 
provided by circuit 100. In particular, circuit 100 com- 



pensates for operational diff rences attributable to 
temperatures ranging from -40 to 150 degrees Cel- 
sius typically encountered in an engine compartment 
of a motor vehicle. Zero gauss offset correction is pro- 

5 vided in portion 104 of circuit 100, wherein resistors 
R1-R6 and diode D1 are connected in a conventional 
wheatstone bridge arrangement. It is well known that 
silicon diodes exhibit a predictable variation in for- 
ward bias voltage dependent upon temperature. The 

w bias voltage temperature drift (which is substantially 
linear) provides a correction factor for zero flux offset 
drift of the Hall effect device 102. The attenuated vol- 
tage signal at 105 from circuit portion 104 is supplied 
to the inverting input of operational ampl if ier 1 08. The 

15 output voltage signal at 107 from Hall effect device 
1 02 is supplied to the non-inverting iiiput of operation- 
al amplifier 110. Operational amplifiers 108 and 110 
are conventionally connected to provide an active 
feedback loop amplifier, wherein the values of resis- 

20 tors R7 and PTC control the total loop gain of the 
feedback amplifier combination. The positive temper- 
ature coefficient resistor (PTC) 111, connected in ser- 
ies with resistor R7, alters the gain of the amplifier 
108 in response to changes in ambient air tempera- 

25 ture. As a result, circuit 1 04, which provides the zero 
gauss temperature offset correction, functions inde- 
pendently of circuit portion 106, which provides tem- 
perature correction for the sensitivity level of the Hall 
effect device. 

30 Referring now to FIGS. 1 2Aand 1 2B, an alternate 

embodiment of a sensor 1 20 according to the present 
invention is shown. Rotational magnetic sensor 120 
includes a stator assembly 122 similar to stator as- 
sembly 22 of sensor 20. Stator assembly 122 includes 

35 stationary pole pieces 142 and 144 centered about 
central axis 126 of sensor 120. Pole pieces 142 and 
144 each include upstanding flanges 146 and 148, re- 
spectively, that define an air gap 'C\ Hall effect de- 
vice 150 is adhesively attached between flanges 146 

40 and 148 and produces an output signal correspond- 
ing to the flux density in gap 'C*. 

Unlike sensor 20, sensor 120 includes a rotor as- 
sembly 124 having two magnets, 158 and 159, at- 
tached to a planar, rather than stepped, pole piece 

45 1 60. Pole piece 160 supports magnets 158 and 159 
on face 164 with face 166 of magnet 159 situated 
flush with face 167 of magnet 158, and parallel to pole 
faces 156 and 154. Magnets 158 and 159 are geo- 
metrically shaped or contoured and are attached to 

50 pole piece 160 and centered about central axis 126. 
Similar to magnet 58, magnets 158 and 159 generate 
axial lines of magnetic flux 169 that are directed per- 
pendicular to stationary pole faces 154 and 156. 
Referring now to FIG. 1 3, an air gap 'B' is defined 

55 between pole faces 154 and 156 of stator assembly 
122 and faces 166 and 167 of rotor assembly 124. An 
air gap 'C is defined between flanges 146 and 148 of 
stationary pole pieces 142 and 144, r spectively. 
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Similar to pol pieces 42 and 44 of sensor 20, pole 
pieces 142 and 144 are situated in a predefined spa- 
tial relationship, for example parallel, with respect to 
rotor assembly 124. Preferably, stationary pole 
pieces 142 and 144 are molded or encapsulated in 
plastic to provide a rugged mounting arrangement for 
sensor 120, and Hall effect device 150 is attached be- 
tween the pole pieces using an adhesive and/or also 
by encapsulating in plastic. 

Referring now to FIG. 14, the magnetic circuit for 
device 120 is shown in detail with lines of magnetic 
flux shown flowing from magnet 159, through pole 
piece 160 to combine with flux generated by magnet 
158, across air gap 'B\ through pole piece 142, 
across air gap 'C\ through pole piece 144 and back 
across air gap 'B' to magnet 159. Unlike sensor 20, 
which employs only a single magnet mountable in 
either a north-south or south-north orientation de- 
pending on the desired polarity, magnets 1 58 and 1 59 
must be mounted in rotor assembly 124 with opposite 
orientations; i.e., magnet 158 mounted north-south 
and magnet 159 mounted south-north (as shown) or 
both reversed. As rotor assembly 124 rotates about 
axis 126, a variable magnetic flux density is generat- 
ed across air gaps *B* and 'C in accordance with the 
magnetic coupling of flux from the magnets 158 and 
1 59 with the pole pieces 142 and 144. Similar to sen- 
sor 20, the polarity and flux density of the magnetic 
lines of flux in air gap 'C is a function of the propor- 
tional magnetic surface area alignment between 
faces 154 and 156 of the stationary pole pieces and 
faces 167 and 166 of magnets 158 and 159, respec- 
tively. By incorporating two Alnico 8 magnets 158 and 
159 in sensor 120, rather than the single magnet 58 
of sensor 20, the measured magnetic flux density and 
corresponding output voltage of the Hail effect device 
is effectively doubled. Alternately, magnets 158 and 
159 of sensor 120 may be constructed from an inex- 
pensive, lower flux output magnetic material while 
maintaining the same measured magnetic flux densi- 
ty and corresponding output voltage of the Hall effect 
device of device 20. 

Referring to FIGS. 15Aand 15B, another embodi- 
ment of a magnetic sensor 220 according to the pres- 
ent invention is shown. Rotational magnetic sensor 
220 includes .stationary magnetic fringing shields 268 
and 269 in the air gap between the rotor and stator as- 
semblies. 

Rotational magnetic sensor 220 includes a stator 
assembly 222. Stator assembly 222 includes station- 
ary pole pieces 242 and 244 that span 120 degrees 
rather than the 180 span of, for example, pole pieces 
42 and 142. Pole pieces 242 and 244 each include up- 
standing flanges 246 and 248, respectively, that de- 
fine an air gap 'C\ Hall effect device 250 is adhesively 
attached between flanges 246 and 248 to measur 
the magnetic flux d nsity in the air gap and produce 
an output signal corresponding to the flux density. 



Similar to sensor 120, sensor 220 includes a rotor 
assembly 224 having two magnets, 256 and 259, at- 
tached to a planar pole piece 260. However, magnets 

258 and 259 span approximately 120 and 240 de- 
5 grees, respectively, rather than 180 degrees as in 

sensor 120. Face 264 of pole piece 260 supports 
magnets 258 and 259 with face 266 of magnet 258 
situated flush with face 267 of magnet 259 and par- 
allel to pole faces 254 and 256. Unli ke sensors 20 and 

10 120, magnets 258 and 259 have a true semicircular 
profile since magnetic fringe shields are provided in 
sensor 220, rather than geometrically shaped mag- 
nets, as a means for compensating for non-linear ef- 
fects. Magnets 258 and 259 are received on pole 

15 piece 260 centered about central axis 226. Si mi lar to 
magnets 58, 1 58 and 1 59, magnets 258 and 259 gen- 
erate axial lines of magnetic flux that are perpendic- 
ular to stationary pole faces 254 and 256 and perpen- 
dicular to faces 266 and 267. 

20 Magnetic fringing shields 268 and 269 are stati- 

cally positioned in the air gap between the rotor and 
stator assemblies to reduce the non-linear magnetic 
effects that occur near zero flux density and maxi- 
mum flux density positions of rotor assembly 224. 

25 Preferably, magnetic fringing shields 268 and 269 are 
insulated from and attached to the faces of pole 
pieces 242 and 244. In particular, magnetic fringing 
shield 268 is sized to span across the measured air 
gap *C\ and magnetic fringing shield 269 is sized to 

30 span approximately 120 degrees between the stator 
pole pieces 242 and 244. A linear analog waveform 
output signal is produced in the 180 degree span op- 
posite magnetic fringing shield 269. Similar to sensor 
120, magnets 258 and 259 must be mounted to rotor 

35 assembly 224 in opposite orientations or polarities; 
i.e., magnet 258 mounted north-south and magnet 

259 mounted south-north or vice versa. 

As rotor assembly 224 rotates about axis 226, a 
corresponding magnetic flux density is generated in 

40 air gaps *B' and *C\ Similar to sensors 20 and 120, 
the polarity and flux density of the magnetic lines of 
flux flowing in air gap *C is a function of the propor- 
tional magnetic surface area alignment between 
faces 254 and 256 of the stationary pole pieces and 

45 faces 266 and 267 of magnets 258 and 259, respec- 
tively. As shown in FIGS. 15Aand 15B, magnets 258 
and 259 are aligned with equal portions of their re- 
spective faces across faces 254 and 256 of pole 
pieces 242 and 244, respectively (i.e., magnet 258 is 

so bisected into two 60 degree portions relative to air 
gap 'C and couples equal amounts of magnetic flux 
into air gap 'B\ and magnet 259 has two 30 degree 
portions adjacent to ends of fringing shield 269 and 
couples equal amounts of magnetic flux into air 

55 gap 'B'). In the position shown, magnetic flux lines 
app ar only in air gap 'B' and zero magnetic flux is 
found in air gap 'C\ In this "balanced" zero magnetic 
flux condition, the magnetic forces are balanced out 
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in the magnetic circuit to define a magnetically neu- 
tral position, wherein rotation of rotor assembly 224 
in either direct ion from this neutral position generates 
a magnetic flux having an assigned polarity across air 
gap 'C*. Conversely, when face 266 of magnet 258 5 
and an equal portion of face 267 of magnet 259 are 
fully aligned with either faces 254 or 256 of stationary 
pole pieces 242 or 244, respectively, maximum levels 
of flux density appear in air gap *C\ 

Referring now to FIGS. 16 and 17, a graph of the to 
output voltage signal waveform 280, developed by 
sensor 220, is shown. In the 120 degrees spanned by 
opposite polarity maximum flux points 282 and 284, 
the signal waveform 280 includes a linear portion 281 
and non-linear or slightly S-shaped portions 283 and 15 
285. In the vicinity of the zero flux density point 286, 
magnets 258 and 259 are at their neutral posit ion and 
magnetic fringing shield 268 prevents magnetic 
shunting from occurring to alter the output voltage 
waveform. In the vicinity of maximum flux points 282 20 
and 284, magnets 258 and 259 are fully aligned with 
the stator pole pieces and magnetic fringing shield 
269 sufficiently reduces the effects of magnetic cou- 
pling so that linear portion 281 is defined. In FIG. 17, 
the output voltage waveform 280 is depicted as a 25 
function of the rotation of rotor assembly 224. Linear 
portion 281 is shown in greater detail having a usable 
span of approximately three-fourths of the 120 de- 
gree span between maximum flux density points; i.e., 
approximately 88 degrees. In the linear portion 281, 30 
the output voltage signal ranges from approximately 
0.75 volts to 2.5 volts linearly corresponding to angu- 
lar position of rotor assembly 224, with respect to the 
stator, between approximately 16 degrees and 104 
degrees. 35 

Referring to FIGS. 18Aand 18B, another embodi- 
ment of a magnetic sensor 320 is shown according to 
the present invention. Sensor 320 includes geomet- 
rically shaped or contoured magnets 358 and 359 as 
well as a stationary magnetic fringing shield 369 in 40 
the air gap between the rotor and stator assemblies 
to compensate for the non-linear magnetic coupling 
and shunting effects and produce a linear output vol- 
tage waveform. 

Stator assembly 322 includes stationary pole 45 
pieces 342 and 344 that span 180 degrees similar to 
pole pieces 42 and 44 and pole pieces 142 and 144. 
Pole pieces 342 and 344 include upstanding flanges 
346 and 348, respectively, that define an air gap 'C*. 
A Hall effect device 350 is adhesively attached be- so 
tween flanges 346 and 348 to measure the magnetic 
flux density in the air gap and produce an output sig- 
nal corresponding to the flux density. 

Similar to sensor 1 20, sensor 320 includes a rotor 
assembly 324 having the two magnets, 358 and 359, 55 
attached to a planar pole piece 360 and centered 
about central axis 326. Face 364 of pole pi ce 360 
supports magnets 358 and 359 with face 366 of mag- 



net 358 situated flush with face 367 of magn t 359 
and parallel to pole faces 354 and 356, respectively, 
of stationary pole pieces 342 and 344. As a means for 
compensating for non-linear effects, magnetic fringe 
shield 369 is provided geometrically shaped or con- 
toured corresponding to the contour of geometrically 
shaped magnets 358 and 359. 

Referring now also to FIG. 19, magnetic fringe 
shield 369 includes openings 372 and 374 that permit 
axial lines of magnetic flux generated by magnets 
358 and 359 to flow therethrough perpendicular to 
stationary pole faces 354 and 356, as indicated in the 
direction of arrows 372. The circumferential edge 
portions 376 and 378 of shield 369 substantially en- 
compass the periphery of magnets 358 and 359 to 
prevent fringing of magnetic flux generated near the 
edges of the magnets. Magnetic fringing shield 369 
is statically positioned in the air gap between the rotor 
and stator assemblies and includes a central portion 
380 sized to span across the measured air gap 'C to 
reduce the non-linear magnetic effects that occur be- 
tween the rotor and stator assemblies as the sensor 
rotates through zero flux density and maximum flux 
density positions. Preferably, magnetic fringing 
shield 369 is insulated from and attached to the faces 
of pole pieces 342 and 344. In one specific embodi- 
ment, sensor 320 includes geometrically shaped 
magnets contoured similar to magnet 58 of sensor 
20. In this specific embodiment, magnetic fringe 
shield 369 is matched to the geometric profile of mag- 
net 358 and 359, wherein the inner radius 'R* of shield 
369 is altered as a function of angular position 'P* ac- 
cording to Table 2: 
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TABLE 2 



ANGLE (degrees) 


RADIUS (inches) 


P=90-100 


D— A O^C 

R— 0.375 


r-> 4 AA 4 H AO 

p-ioo-no 


D— A 070 

R— 0.373 


P=11Q-120° 


D— A 07H 

R— 0.371 


D— 4 OA 4 O AO 

P=1 20-130° 


R— 0.3o7 


P=1 3O-140 


K— U.ODd 


n_j ja H c AO 

P- 140- ISO" 


k— u.ooy 


r-> A cr\ A C AO 

P=1 50- 1 bU 


R— 0.355 


n_^CA A "TAo 

P=1 60-170° 


K— U.351 


O -4 TA 4 OAO 

P-170-1o0° 


K— 0.347 


P=1 80-190° 


R= 0.343 


[~> A AA AAAO 

P=1 90-200° 


R— 0.347 


P=200-210° 


R=0.351 


P=21 0-220° 


R=0.355 


P=220-230° 


R=0.359 


P=230-~240° 


R=0.363 


P=240-250° 


R=0.367 


P=250-260° 


R=0.371 


P=260-270° 


R=0.373 


P=270-280° 


R=0.375 



While the invention has been illustrated and de- 
scribed in detail in the drawings and foregoing de- 
scription, the same is to be considered as illustrative 
and not restrictive in character, it being understood 
that only the preferred embodiment has been shown 
and described and that ail changes and modifications 
that come within the spirit of the invention are desired 
to be protected. 



Claims 

1. A magnetic sensor, comprising: 

Hall effect means for sensing magnetic 
flux and producing an output signal correspond- 
ing to the sensed level of magnetic flux; 

magnetic means for producing magnetic 

flux; 

means for conducting magnetic flux be- 
tween said magnetic means and said Hall effect 
means, said means for conducting magnetic flux 
defining an axis of rotation for the magnetic sen- 
sor and including stationary means for conduct- 



ing magn tic flux across a stationary surface 
perpendicular to said axis of rotation and rotating 
means for conducting magnetic flux across a ro- 
tating surface perpendicular to said axis of rota- 
5 tion, said stationary surface being spaced a pre- 

determined distance from said rotating surface to 
define an air gap therebetween; 

said magnetic means producing magnetic 
flux parallel to said axis of rotation and perpendic- 
10 ular to said stationary surface and said rotating 

surface; and 

wherein said rotating means rotates rela- 
tive to said stationary means to align a portion of 
said rotating surface with a portion of said sta- 
ts tionary surface and conduct a level of magnetic 
flux corresponding to the aligned portions of said 
stationary surface and said rotating surface be- 
tween said magnetic means and said Hall effect 
means and across said predetermined air gap to 
20 complete a magnetic circuit. 

2. The magnetic sensor of claim 1 , wherein: 

said stationary means includes a station- 
ary pole piece having a stationary pole face per- 
25 pendicular to said axis of rotation, said Hall effect 

means being attached to said stationary pole 
piece; 

said rotating means includes a rotating 
pole piece, said magnetic means being attached 
30 to said rotating pole piece and having a rotating 

pole face perpendicular to said axis of rotation; 
and 

said rotating pole piece rotates relative to 
said stationary pole piece to align a portion of 
35 said rotating pole face with a portion of said sta- 

tionary pole face. 

3. The magnetic sensor of claim 2, wherein: 

said magnetic means includes a geomet- 
40 rically shaped magnet contoured to reduce non- 

linear interactive magnetic coupling and shunting 
effects between said stationary pole piece and 
said rotating pole piece, said geometrically shap- 
ed magnet producing lines of magnetic flux nor- 
45 mal to said stationary and rotating pole faces. 

4. A magnetic sensor for sensing angular position of 
an object, comprising: 

first and second stationary pole pieces 
so having first and second stationary pole faces, re- 

spectively, said first and second stationary pole 
pieces being spaced a predetermined distance 
apart to define a first predetermined air gap 
therebetween; 

55 a Hall effect device situated in said first 

pred termined air gap, said Hall effect device 
producing an output signal corresponding to the 
level of magnetic flux in said first predetermined 
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air gap; 

a rotating pole piece, said rotating pole 
piece defining an axis of rotation for said sensor; 

a first magnet having a first magnet pole 
face, said first magnet generating magnetic flux s 
in a direction parallel to said axis of rotation and 
being attached to said rotating pole piece with 
said first magnet pole face spaced a predeter- 
mined distance from said first and second sta- 
tionary pole faces to define a second predeter- 10 
mined air gap; and 

wherein said rotating pole piece rotates 
relative to said first and second stationary pole 
pieces about said axis of rotation to align a por- 
tion of said first magnet pole face with portions 15 
of said first and second stationary pole faces and 
supply a level of magnetic flux corresponding to 
the al ig ned port ions of said first magnet pole face 
and said first and second stationary pole faces 
into said first predetermined air gap. 20 

5. The magnetic sensor of claim 4, wherein: 

said rotating pole piece includes upper 
and lower rotating pole faces, said first magnet 
attached to said lower rotating pole face with said 25 
first magnet pole face flush with said upper rotat- 
ing pole face, said first magnet pole face and said 
upper rotating pole face situated parallel to and 
spaced a predetermined distance from said first 
and second stationary pole faces to define said 30 
second predetermined air gap. 

6. The magnetic sensor of claim 5, wherein said 
first and second stationary pole pieces include 
first and second upstanding flanges, respective- 35 
ly, said first and second upstanding flanges be- 
ing spaced said predetermined distance apart to 
define said first predetermined air gap. 

7. A temperature compensation circuit for use with 40 
a Hall effect device comprising: 

a Hall effect device that produces a flux 
signal in accordance with the intensity of magnet- 
ic flux impinging thereon; 

first amplifier means including a non-in- 45 
verting input and an inverting input, said first am- 
plifier circuit producing a first output signal in ac- 
cordance with the difference of the signals ap- 
pearing at said first and second inputs; 

first circuit means including a forward 50 
biased diode, said first circuit means producing a 
first temperature signal that varies in accordance 
with the voltage drop across said diode, and 
wherein said first temperature signal is supplied 
to the inverting input of said first amplifier 55 
means; 

second amplifier means including a non- 
inv rting input, an inverting input and an output, 



said second amplifier means producing at said 
output a feedback signal that is supplied to said 
non-inverting input of said first amplifier, said 
feedback signal corresponding with the differ- 
ence of the signals appearing at said first and 
second inputs of said second amplifier means, 
wherein said flux signal is supplied to said non- 
inverting input of said second amplifier means, 
and said first output signal is supplied to the in- 
verting input of said second amplifier; 

temperature resistance means for provid- 
ing a variable resistance in accordance with tem- 
perature changes; and 

wherein said temperature resistance 
means is connected between said output of said 
second amplifier means and said inverting input 
of said second amplifier means. 

8. The circuit of claim 7 wherein said first and sec- 
ond amplifier means are operational amplifiers. 

9. The circuit of claim 8 wherein said temperature 
resistance means is a positive temperature coef- 
ficient resistor. 
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